A new Saccharopolyspora species isolated from soil collected in a sugar mill rum still is described. This organism is characterized by pale yellowish pink aerial hyphae that bear long chains of spores encased in distinctive spiny spore sheaths. Fragmentation occurs when the organism is cultured in liquid media. The new species contains meso-diaminopimelic acid, arabinose, and galactose (cell wall chematype IV), has whole-cell sugar pattern type A, contains no mycolic acids, and contains phosphatidylcholine (phospholipid pattern type PIII). The single isolate has chemical and morphological properties consistent with the genus Saccharopolyspora. A comparison with previously described species of the genus in which we used standard techniques plus fatty acid analyses showed that this organism differs from previously described species. The name proposed for this new species is Saccharopolyspora spinosa. The type strain is strain A83543
The genus Saccharopolyspora was erected in 1975 by Lacey and Goodfellow (16) to describe isolates from sugar cane bagasse which grew at 40°C and produced white aerial mycelia with beadlike chains of spores enclosed in a characteristic hairy sheath. Species of this genus are known to have G+C contents of 77 mol% (18) . The bagasse isolates described as Saccharopolyspora hirsuta had fragmenting hyphae and wall chemotype IV and degraded casein, tyrosine, hypoxanthine, and xanthine. The chemical properties included a type A whole-cell sugar pattern, the absence of mycolic acids, the presence of saturated and branched fatty acids, a type PI11 phospholipid pattern, and MK-9(H4) as the major menaquinone. Currently there are two species in the genus Saccharopolyspora, S. hirsuta (16) and Saccharopolyspora erythraea (15) . Saccharopolyspora griseopurpurea (Y. Imai, K . Suzuki, S. Miyazaki, K. Nagai, N. Tsunoda, M. Morioka, S. Fujita, T. Furuya, and Y. Numazaki. Japan unexamined patent 63-44581, February 1988) and S. hirsuta subsp. kobensis (11) have been described but these names have not been validly published. Nocardia taberi has been renamed S. hirsuta subsp. taberi (15) .
While isolating microorganisms for our antibioticscreening program, we isolated strain A83543.1T (T = type strain) from soil collected inside a defunct sugar mill rum still in the Virgin Islands by using novobiocin as an inhibitor in the plating medium. Culture A83543. lT produces a complex of novel metabolites which exhibit unusual activity. On the basis of its chemical, morphological, and general taxonomic properties, we believe that strain A83543.1T is a new species, for which we propose the name Saccharopolyspora spinosa sp. nov. obtained from the literature (15) . The phages tested against strain A83543.1T are listed in Table 1 .
MATERIALS AND METHODS

Bacterial
Media. Cells were grown for 72 h at 30°C in a medium containing 30 g of tryptic soy broth, 3 g of yeast extract, 2 g of MgS04 -7H,O, 5 g of glucose, and 4 g of maltose in 1,000 ml of deionized water. After incubation on a rotary shaker set at 250 rpm, the cells were harvested by centrifugation, washed twice with sterile water, and then used as inocula. Cultures were studied on International Streptomyces Project (ISP) media 2 to 9 (23) , actinomycete isolation agar (Difco Laboratories, Detroit, Mich.), ATCC medium 172 (6), Bennett agar (25) , chitin agar (20) , Czapek solution agar (25) , Emerson agar (25) , glucose-asparagine agar (25) , glycerolglycine agar (25) , nutrient agar (Difco), tomato paste-oatmeal agar (25) , and tap water agar (9) .
Cultural observations. Characteristics were recorded after 21 days of incubation at 30°C by using methods recommended by Shirling and Gottlieb (23) . The ISCC-NBS Centroid Color Charts (24) were used to identify color designations.
Physiological tests. Methods recommended by Gordon et al. (9) were used for the physiological tests. H2S production was measured with lead acetate strips (Difco). Testosterone degradation was determined with 0.1% (wt/vol) testosterone in nutrient agar. Allantoin decomposition was measured by using the method of Kurup and Schmitt (13) . NaCl tolerance was tested at concentrations between 1 and 15%. The growth temperature range was determined at temperatures between 5 and 50°C. Catalase, phosphatase, and urease were determined by using methods of Blazevic and Ederer (4) .
Resistance to antibiotics. Antibiotic disks (Difco) were placed onto the surfaces of ISP medium 2 agar plates that were seeded with 2% inoculum of the organism to be tested. The preparations were incubated at 30°C for 1 week.
Chemotaxonomy. Whole-cell hydrolysates prepared from washed, lyophilized, 72-h, vegetative growth were examined by using the methods of Becker et al. (3) and Lechevalier and Lechevalier (17) . Mycolic acid determinations were based on techniques described by Minnikin et al. (22 nones were extracted with chloroform-methanol (2: 1, vol/ vol) and were partially purified by thin-layer chromatography. Menaquinone composition was determined by highperformance liquid chromatography, using a Bondapak C,, column and a CH3CN-(CH,), CHOH (3:1, vol/vol) eluent system. Each isoprenolog was detected at 254 nm (temperature, 40°C). The methods used were those of Collins (5) and Kroppenstedt (12) . Fatty acid analysis. Fatty acid methyl esters were analyzed by gas-liquid chromatography with a model 5898A computer-controlled gas-liquid chromatography system (HewlettPackard Co., Palo Alto, Calif.) (21) . Lyophilized whole cells grown for 72 h at 30°C were used for all fatty acid comparisons.
Scanning electron microscopy. Cultures were fixed in osmium tetroxide vapors for 20 h, dehydrated, rotary shadowed with gold-palladium, and then viewed with an Etec scanning electron microscope.
RESULTS AND DISCUSSION
Identity of genus. The type species of the genus Saccharopolyspora is S . hirsuta, which was isolated from sugar cane bagasse. This genus is defined as aerobic, gram-posithe, non-acid-fast actinomycetes with fragmenting substrate mycelium. Aerial hyphae segment into spores contained within a sheath and present a distinctive beadlike appearance. The cell wall composition is chemotype IV, the cells have a type PI11 phospholipid pattern, MK-9(H4) is the major menaquinone, and the cells contain saturated and branched fatty acids and lack mycolic acids. Soil actinomycete strain A83543. lT is characterized by the properties described above and has chemotaxonomic properties and cultural and morphological characteristics consistent with the genus Saccharopolyspora Lacey and Goodfellow (16); thus, this organism is assigned to the genus Saccharopolyspora . Identity of species. Strain A83543.1T was compared with the other taxa in the genus Saccharopolyspora and exhibits very significant differences. The differences in acid production from various substrates, temperature range, and decomposition of adenine, esculin, xanthine, starch, and allantoin are the most pronounced differences (Table 2) .
Biochemical similarity was measured by constructing a table of similarity coefficients based on as many biochemical measurements as possible. The coefficient of Jaccard and the simple matching coefficient were used (14) . A table of coefficients is shown in Table 3 . None of the species compared with strain A83543.1T had a very close coefficient of similarity.
A fatty acid analysis was done on strain A83543.1T and three Saccharopolyspora species. Strain A83543, lT has both saturated and branched-chain fatty acids that are similar but not identical in profile to the fatty acids of the other species. The greatest differences were observed in the levels of 15:O iso, 17:O iso, and 17:l B fatty acids ( Table 4) .
Principal-component analysis is a branch of multivariate statistics that deals with internal relationships of a set of variables. In this analysis the greatest amount of variance within the original data or test results is expressed as principal components (1). Thus, a plot showing scatter or variability can be constructed. Relationships can then be evaluated by examining this variance, and a microbial population can be characterized. A two-dimensional principalcomponent plot from the fatty acid analysis is shown in Fig.  1 . The values refer to the degrees of separation between the strains involved. This principal-component plot shows that strain A83543.1T lies at a considerable distance from S. erythraea, S. hirsuta, and S. hirsuta subsp. kobensis. This lack of clustering is supporting evidence that these organisms are distinct species within the same genus.
Phages from a number of Streptomyces, Amycolatopsis, and Saccharopolyspora species were plated with strain A83543.1T ( Table 1) . No plaques or evidence of lysis was observed. We did not perform experiments to test whether phage was bound to the cell walls.
The comparisons described above indicate that strain A83543. lT differs from previously described Saccharopoly- spora species, and the name Saccharopolyspora spinosa is proposed for this organism. The specific epithet refers to the spiny spore sheath surface of this species.
Cultural characteristics, Cultures of strain A83543.1T grew well on both complex and defined media. Aerial hyphae were produced on all of the media used. The aerial spore mass color was predominantly yellowish pink; however, white was observed on a number of the media. The reverse side of culture growth was yellow to yellowish brown. No distinctive pigmentation was present. A soluble brown pigment was produced on some media ( Table 5) .
Morphological characteristics. Strain A83543. lT produced extensive substrate mycelium that fragmented in the liquid media described above. No fragmentation was observed when the organism was grown on agar media. White circular colonies (diameter, 8 to 10 mm) with raised centers and a yellowish brown reverse color were observed when the organism was plated onto ISP medium 2.
Well-formed aerial hyphae were present on most of the media. The aerial hyphae were segmented into long chains of spores arranged as hooks and open loops. Spirals were also observed, but they were short and incomplete. The general morphology was rectus-flexibilis. The aerial hyphae had a distinctive beadlike appearance, with many empty spaces in the spore chains. This feature demonstrates the presence of a spore sheath which encases the spore chain (Fig. 2) . This distinctive appearance was very similar to that of S. hirsuta. However, the surface of the spore sheath was different. S. hirsuta has a long hairy surface, while strain A83543.1T is covered with very distinctive spines. This spiny morphology is similar to that of S. erythraea. The spines are approximately 1 pm long and are rounded on the end. Figure 3 shows this spiny surface ornamentation. The spore shape is oblong, and the spores are approximately 1.1 by 1.5 pm. Each spore chain contained well over 50 spores. No zig-zag characteristics, sclerotia, sporangia, or motile cells were observed.
Physiological characteristics. Cultures of strain A83543. lT produced acid from the following carbohydrates: adonitol, meso-erythritol, D-fructose, D-glucose, glycerol, D-mannitol, D-mannose, D-ribose, and trehalose. Acid was not produced from L-arabinose, cellulose, dulcitol, ethanol, glycogen, L-sorbose, and xylitol. Growth was observed on D-galactose, maltose, and melezitose. Sodium salts of the following organic acids were utilized as sole sources of carbon for energy and growth: acetate, butyrate, citrate, formate, lactate, malate, propionate, pyruvate, and succinate. Tartrate was not utilized. Strain A83543.1T decomposed calcium malate, casein, elastin, hippurate, hypoxanthine, testosterone, L-tyrosine, and urea; it was unable to decompose guanine. Strain A83543. lT produced catalase, urease, and H,S and liquefied gelatin. It was not resistant to lysozyme, did not produce melanoid pigments, neither peptonized nor hydrolyzed skim milk, and did not survive a temperature of 50°C for 8 h. Chemotaxonomy. Hydrolyzed whole cells contain mesodiaminopimelic acid. Diagnostic sugars in the whole-cell extracts are galactose and arabinose. Thus, strain A83543.1T has a type IV cell wall and a type A sugar pattern (17) . Mycolic acids are absent. Phospholipid determiriations on whole cells indicated the presence of phosphatidylcholine and cardiolipin. No phosphatidylethanolamine was detected. Thus, strain A83543.1T has a type PI11 phospholipid pattern (19) . The major menaquinones detected were MK-9(H4) and a minor amount of MK-9(H6).
Saccharopolyspora spinosa sp. nov. Saccharopolyspora spinosa (spi no' sa. L. adj. spinosa, spiny, referring to the spiny spore sheath surface). Cells are aerobic, gram positive, non-acid-fast, nonmotile, filamentous, and differentiated into substrate and aerial hyphae. The aerial mycelium is yellowish pink, and the vegetative mycelium is yellow to yellowish brown. A soluble brown pigment is produced on some media. Spore chains have a distinctive beadlike appearance. A spore sheath is present and is covered with short spines. Acid is produced from adonitol, D-arabinose, meso-erythritol, D-fructose, D-glucose, glycerol, D-mannitol, D-mannose, D-ribose, and trehalose; no acid is produced from L-arabinose, cellobiose, cellulose, dextrin, dulcitol, ethanol, Dtestosterone, tyrosine, and urea are hydrolyzed or degraded; adenine, esculin, guanine, starch, and xanthine are not decomposed. Catalase, H,S, phosphatase, and urease are produced. Nitrate is reduced. Melanoid pigments are not produced. Sensitive to lysozyme. Unable to survive a temperature of 50°C for 8 h. Growth occurs in the presence of 11% NaCl. The temperature range for growth is 15 to 37°C. Cell wall chemotype IV, type A sugar pattern, phospholipid type PIII, and menaquinone MK-9(H4). No mycolic acids are present. Saturated and branched fatty acids are present. Resistant to cephalothin, kasugamycin, nalidixic acid, novobiocin, oligomycin, oxytetracycline, penicillin, polymixin B, rifampin, and trimethoprim. Strain A83543 .lT resembles S. erythraea in morphological characteristics, but differs from it and all of the other species in physiological characteristics ( Table 2 ) and in fatty acid composition ( Table 4) .
Type strain. The type strain is strain A83543.1 (= NRRL 18395). This strain was isolated from soil collected from a sugar mill rum still in the Virgin Islands. The species description is based on a single strain and thus serves as the type strain description.
